This study investigated the relation between impaired anticipatory postural adjustments and bradykinesia in Parkinson's disease. Patients with Parkinson's disease and age matched controls stood on a platform. In one series of experiments, they performed fast, discrete shoulder flexion or extension movements. In another series, they were required to press a trigger with the right thumb and thus to release a load that was suspended from a bar which they were holding in front of them in extended arms. One more series included catching a load on the same bar. Anticipatory changes in the activity of postural muscles before fast voluntary movements occurred in patients and controls although the patients showed higher variability of anticipatory patterns. During load dropping and catching, control subjects had reproducible, although smaller, anticipatory changes in postural muscle activity. Such changes were absent in all but one patient. Two sources of these postural perturbations were analysed. The anticipatory postural adjustments in different muscle groups may counteract perturbations of different origin. The distal to proximal sequencing of joint involvement in postural reactions may be related to different reference points and working points associated with these tasks compared with reaching limb movements. The deficit in anticipatory postural adjustments in Parkinson's disease is likely to be unrelated to bradykinesia and is more likely to reflect the deficits in the basic processes of preparation and initiation of a motor act. (J Neurol Neurosurg Psychiatry 1995;58:326-334) 
When a standing person performs a fast voluntary arm movement, their postural equilibrium becomes endangered. Two factors contribute to such self inflicted postural perturbations. Firstly, the changes in limb and body geometry lead to a change in the projection of the centre of gravity. Secondly, the transmission of forces and torques from the moving limb through the body's linked segments leads to transient forces at other joints.
Thus movements, particularly fast ones, may be considered as postural perturbations.' The CNS "expects" such perturbations and uses two types of corrective changes in the activity of postural muscles.2-8 Postural reactions of the first type are often termed anticipatory and are initiated by the subject's CNS in a feedforward manner" 9-2 based on predictions of expected postural perturbations. Later, after the movement initiation, compensatory reactions are triggered by sensory feedback signals and deal with actual perturbations of posture that occur due to suboptimal efficacy of the anticipatory reactions.
Postural deficits in Parkinson's disease'3 involve changes in both groups of postural reactions. Firstly, there is a poorly controlled increase in the feedback triggered corrective reactions.'4 Secondly, there is a deficit in the anticipatory changes in the activity of postural muscles. 4 There is substantial variability among the studies of anticipatory postural adjustments in Parkinson's disease. These reports vary from minor changes in the anticipatory reactions,'5 no differences in the timing of the early bursts seen on EMG in postural muscles but the amplitude of the bursts is decreased, '6 smaller EMG changes in muscles involved in a postural component of a bimanual task that often lack anticipatory EMG changes,'7 to the lack of anticipatory postural adjustments in 95% of patients with Parkinson's disease. '8 Another prominent feature of Parkinson's disease is bradykinesia,'3-that is, slowness of voluntary movements that leads to smaller peak accelerations, and consequently, smaller forces perturbing the vertical posture. Such slow movements may not require an anticipatory corrective action. 7 19 Thus bradykinesia may be the reason for the lack of anticipatory changes in the activity of postural muscles, because the CNS "knows" in advance that the perturbing forces will not endanger the equilibrium. So, some variability among the studies of anticipatory reactions in Parkinson's disease may reside in different motor tasks, different amounts of practice, and maybe other factors leading to different efficacy of the voluntary movements as postural perturbations.
To investigate the relation between bradykinesia and postural anticipation, we studied anticipatory postural adjustments in patients with Parkinson's disease and age matched controls during commonly used voluntary arm movements and also during dropping and catching loads from (into) extended hands. Postural perturbations induced by a self triggered load release or expected impact are predictable and independent of the ability of the subject to perform fast voluntary movements. Thus this procedure eliminates one source of ambiguity among the studies of postural adjustments in Parkinson's disease. Our preliminary findings in young control subjects showed that dropping and catching loads is associated with anticipatory postural adjustments seen, in particular, as changes in the background electrical activity of trunk, leg, and proximal arm muscles.2021
Methods

SUBJECTS
Six patients with idiopathic Parkinson's disease, (three women and three men, mean age 70-1 (SE 4-0)) were recruited from the inpatients treated in the Center for Rehabilitation at the Rush-Presbyterian St Luke's Medical Center. The duration of their symptoms ranged from one to 50 (mean 14-8 (SE 7 0)) years. The patients were referred by their primary physicians. According to the neurological assessment, two patients had stage III Parkinson's disease and four had stage III-IV Parkinson's disease. They had been admitted to hospital for an adjustment of their medications, and were tested after the adjustment was considered complete. All six patients were taking Sinemet combined with parlodel, eldepryl, and/or permax. Inclusion criteria comprised an ability to stand unassisted and to understand and follow the instructions involved in the testing procedure. Exclusion criteria comprised excessive tremor, cognitive disorders, hallucinations, history of other neurological disorders, and arthritis.
The control group consisted of six elderly subjects, (three women and three men, mean age 71-2 (SE 3-1)) without any known neurological disorders or arthritis.
All patients and controls gave informed consent according to the procedure approved by the human investigation committee of the Rush-Presbyterian St Luke's Medical Center. 
APPARATUS
The subjects stood on a force platform (AMTI OR-6). The signals from the platform were amplified and used to measure reaction forces in three orthogonal directions (along the direction of gravity Fz, parallel to the ground in the sagittal plane Fx, and parallel to the ground in the frontal plane Fy) and moments of forces in two directions (in the sagittal (My) and frontal (Mx) planes). In the experiments with load manipulations (experiment 2), the subjects held a light aluminium bar with two foam rubber handles in front of them in both hands. In the experiments with unloadings (dropping a load), a 0-9 kg load was suspended on a short rigid metal cord from the centre of the bar. The bar was equipped with a trigger that required a light touch with the right thumb to release the load ( fig 1A) .
Three two axis goniometers (Penny and Giles) were taped on body segments and measured angles in the ankle (sagittal plane), knee, and hip (sagittal plane) joints. Acceleration was measured by a miniature unidirectional accelerometer (Sensotec). During the experiments with voluntary arm movements (experiment 1), the accelerometer was taped to the subject's right wrist and oriented so that its axis of sensitivity was in a sagittal plane. When dropping and catching loads (experiment 2), the accelerometer was taped to the aluminium bar that was used by the subject to release and catch the load. An electrical switch was used to signal the moment when the contact between the load and the bar broke ( fig IA) .
Disposable paediatric electrocardiographic electrodes (Graphic Controls) were used to record the surface EMG activity of the anterior deltoid, posterior deltoid, rectus abdominis, erector spinae, rectus femoris, biceps femoris, soleus, and tibialis anterior muscles.
The electrodes were placed over the muscle bellies. The distance between two electrodes of a pair was about 5 cm. Signals from the electrodes were amplified (x 1600) and band-pass filtered (60-500 Hz). Later, these signals were rectified and filtered at 100 Hz.
All the signals were sampled at 500 Hz with a 12 bit resolution. A Mac-IIci computer with customised software based on the LabView-II package was used to control the experiment, collect the data, and perform most of the analyses.
PROCEDURE Experiment 1
Experiment 1 involved two series of movements. Each series involved six movements, and the subjects were asked to make movements within a series as similar to each other as they could. In the first series, the subjects were asked to perform bilateral shoulder extensions (backwards) "as fast as possible" over the nominal movement amplitude of 45°. In the second series, bilateral shoulder flexions (forward) "as fast as possible" over the nominal amplitude of 900 were performed.
Accuracy requirements were not stressed. Before each series, the subjects were instructed which movements to perform and given three to five practice trials. Before each movement, the subjects were asked to stand quietly, their feet 0 3 m apart, their arms hanging loosely by their sides, with the palms towards the body. They were instructed, on hearing a tone signal (a beep), to perform the required movements with both arms "as fast as possible", to stop at the final position, to wait for a second beep, which came after a 3 s interval, to return back, and to wait for the next signal. The intervals between the trials within a series were 10 s; the intervals between the series were about two minutes.
Experiment 2
In the first series of experiment 2, the subjects were instructed to stand quietly and to hold with two hands in front of them, in extended arms, the aluminium bar with the 0 9 kg load suspended from the bar on the short metal cord (fig lA) . At the tone signal, the subjects were required to press the trigger with the right thumb, thus releasing the load. The subjects were told that they had up to two seconds to perform the task and need not press the trigger as quickly as possible. The load was caught by the experimenter. Each subject was given a couple of practice trials to master the task of pressing the trigger. During the second series, the subjects were required to catch the same load on the same bar ( fig IB) . The subjects stood in the same position holding the bar with both hands in front of them.
The load (a 0 3 m long, 01 m wide belt filled with sand) was held by the experimenter 0 5 m above the centre of the bar. At the tone, the experimenter released the load, which hit the bar and hung on it. The subjects saw the load at all times. Figure 2 illustrates typical patterns in a control subject during shoulder flexions.
There were apparent anticipatory bursts of activity seen on EMG in tibialis anterior, biceps femoris, and erector spinae muscles. This pattern of anticipatory changes in the background EMG activity was typical for the control subjects (see left upper panel, fig 6) . Anticipatory postural adjustments were also seen in the backward displacement of the centre of pressure and in the changes in joint angles. The first visible joint displacement was in the ankle, followed by the knee, and later by the hip. During elbow extensions, the anticipatory bursts of activity were commonly seen in rectus abdominis, rectus femoris, and soleus muscles (see right upper panel, fig 6) . They were accompanied by a forward displacement of the centre of pressure. Figure 5 shows his data. During forward arm movements (shoulder flexions), control subjects showed an increase in the background activity of proximal muscles at the dorsal part of the body (erector spinae and biceps femoris) and an increase in the activity af a distal muscle at the frontal part of the body (tibialis anterior). Earlier studies in control subjects more often described an increase in the activity of all the muscles at the dorsal portion of the legs and trunk, including the soleus, and a decrease in tibialis activity.2523 Backwards arm movements induced an increase in the activity of the proximal muscles at the frontal part of the body (rectus abdominis and quadriceps) and of a distal muscle at the dorsal part of the body (soleus). This pattern resembles our earlier findings in young control subjects. 24 Patients with Parkinson's disease showed similar patterns of anticipatory postural adjustments with the only difference representing an increase in the activity of tibialis during shoulder movements in both directions. In an earlier study, we described a bimodal distribution of the changes in the activity of ankle flexors and extensors during shoulder movements in different directions. 24 This distribution, as well as our findings of different patterns of anticipatory changes, imply the possibility of motor equivalencethat is, multiple strategies of muscle coordination during anticipatory posturai adjustments to achieve a single motor outcome. [25] [26] [27] There are two potential sources of postural perturbation during fast voluntary movements In control subjects, we commonly saw a distal to proximal joint involvement in the anticipatory adjustments (fig 1) . Similar findings have been reported for corrective postural reactions in children.28 The opposite, proximal to distal order of joint involvement is commonly seen in multijoint limb movements and is supposed to optimise the mechanical efficacy of muscle action. 29 During limb movements, however, the "working point" is usually located at the distal end of the limb whereas the nearly motionless reference point is at one of the proximal joints-for example, at the shoulder during reaching with a hand. During standing, the motionless reference point is at the point of contact between the feet and the supporting surface whereas the "working point" may be associated with the position of the centre of gravity, which is closer to the hips-that is, to proximal joints. In this situation, a reversed sequencing of joint involvement becomes more efficient and is actually seen in the experiments. So, the apparent difference in the order of joint involvement during limb movements and during postural adjustments disappears if one takes into accountithat the terms "distal" and "proximal" make sense only when referred to a reference point that may be located somewhere on the trunk or, alternatively, on the tip of a limb.
ANTICIPATORY ADJUSTMENTS DURING LOADINGS AND UNLOADINGS
Originally, we expected the alleged differences between the anticipatory reactions in patients with Parkinson's disease and elderly control subjects to be eliminated or attenuated during self inflicted or predictable perturbations that are independent of the subject's ability to make fast movements-that is, during load catching and dropping. The results did not fit our expectations. In general, control subjects showed comparably reproducible patterns of anticipatory postural adjustments during both experiment 1 and experiment 2 although the absolute values on the anticipatory changes in EMG were smaller during load dropping and catching (experiment 2). In experiment 2, however, five out of six patients with Parkinson's disease had poorly pronounced, variable patterns of anticipatory adjustments with the only exception of an increase in the activity of the anterior deltoid muscle in the load catching trials (see later). Only one patient, whose data are illustrated in fig 5, showed consistent anticipatory changes in the activity of the trunk and leg muscles during both load dropping and catching.
So, we are forced to conclude that the differences in anticipatory programming in Parkinson's disease are unrelated to bradykinesia and have a deeper origin possibly related to the basic processes of preparation and initiation of a motor action. These processes have been shown to deteriorate in Parkinson's disease.260-32 We think however, that our present knowledge is insufficient to allow us to formulate a viable hypothesis of which particular aspects of decision making, preparation of a motor programme, and its initiation give rise to the differences in postural anticipation found.
In load experiments, both sources of postural perturbation, the one related to transient forces at the load impact (release) and the one related to the displacement of the centre of gravity, acted in the same direction. That is, dropping (catching) the load induced a transient perturbation backwards (forward) and a shift of the centre of gravity in the same direction. As a result, anticipatory reactions in postural muscles in control subjects displayed a pattern often including simultaneous bursts in trunk muscles (fig 4) as well as simultaneous action of all the muscles of the dorsal part of the body including the proximal erector spinae and the distal soleus. A similar pattern of coactivation of trunk muscles has recently been described by Cresswell et al. 33 Although the load in our experiments was rather small (09 kg), holding it in extended arms required a considerable level of activation of the anterior deltoid muscle. This muscle also showed anticipatory changes in its activity decreasing it when unloading was expected (load dropping) and increasing it before the load impact in the catching trials. Patients with Parkinson's disease showed an increase in the activity of the anterior deltoid muscle in the catching trials but no anticipatory changes in its activity during load dropping. This was the only reproducible sign of anticipatory pre-programming in our patients during experiment 2.
CAN AN ANTICIPATORY REACTION BE
TRIGGERED BY A TRIGGER? Recently, some studies have suggested that it is not sufficient to have a predictable postural perturbation for the CNS to be able to generate anticipatory postural adjustments.34 36 In particular, if a perturbation coincides in time with a metronome or even if it is triggered by the subject by pressing a button, no anticipatory postural adjustments occur. To get these reactions, a major action by a large muscle group, including proximal muscles, is required.
In our experiment 2, load release was done by the subjects with a minimal action (pressing a trigger with the right thumb), while load impact was predictable but in no way controlled by the subject. Both manipulations induced anticipatory reactions in proximal arm, trunk, and leg muscles in our elderly control subjects.33 Thus we conclude that, in our particular context, predictability of a postural perturbation by itself was sufficient for the CNS to generate anticipatory postural adjustments. Our data are similar to anticipatory adjustments of arm position before load impact2' and postural adjustments before landing after a jump.37 19 
CONCLUDING COMMENTS
Before this study, we expected to see in patients with Parkinson's disease clear anticipatory changes in the activity of postural muscles during load perturbations but not during voluntary arm movements. Such data would have allowed us to make a direct link between bradykinesia and impaired anticipatory adjustments. The actual results were, however, different. We found only minor changes in the anticipatory patterns during voluntary arm movements in the patients compared with age matched controls, and no anticipatory adjustments in the leg and trunk muscles during load catching and dropping in five out of six patients. Apparently, we should speak not about impaired anticipation but rather about changed anticipation in Parkinson's disease, which is likely to reflect the primary pathological changes within the CNS and result in impaired processes of preparation and initiation of voluntary movements.
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